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Overview

o Energy Efficiency

e Concept of Exergy Efficiency
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Significance of Effective Use of Energy Resources

Efficiency in energy conversion, as well as an increase in the effective
use of renewable energy and waste heat, are critical for ensuring energy
security, enhancing industrial productivity, mitigating the effects of
global warming, and fulfilling UN’s SDG 7.
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@ During conversion to useful work, around half of the primary
energy is lost as ‘waste heat’ and 40% of the lost heat is in the
temperature ranging from 80°C to 300°C2.

o Waste heat is defined as ‘waste heat as a resource is exergy that
unavoidably leaves a process or is lost within it independent of the

technological choices made within the process’.

o Effective utilization of waste heat boosts overall system
performance with simultaneous reduction in primary energy
consumption and carbon footprint?.

Energy Efficiency
Efficiency Indicators

Efficiencies based on first-law of thermodynamics fall into 2
categories®:
© ’'Thermal efficiency’, which compares the desired energy output to
the required energy input, that is,
__ Energy out in product

Mth = Energy in

where, the term product may refer to shaft work or generated
electricity, some desired combination of heat and work etc.

@ ‘First-law efficiency’ or ‘isentropic efficiency’ compares the actual
energy change to some theoretical energy change under specified
condition. Accordingly, isentropic efficiency of work producing or
absorbing devices can be stated as:

26775. % for work producing device
24213, Ns =9y . @
45091, 7 for work absorbent device
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Energy Efficiency Concept of Exergy Efficiency

, Cw Energy: Quantity & Quality

@ Thermal Efficiency, ns, = o
m

o Isentropic Efficiency or First Law Efficiency, 1,

) o Quality of energy is its potential to produce useful work.
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@ First Law of Thermodynamics:
energy ts conserved in all (non-nuclear) processes.
@ Second Law of Thermodynamics:
the quality of energy s reduced in all real processes.
= During transformation and transfer, energy is both conserved and
degraded.

= Exergy is defined a the maximum work potential of a system at a
given state as it proceeds towards a state of equilibrium with the
environment while exchanging heat solely with environment®.

6B-Wark-1995.
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Concept of Exergy Efficiency

Exergy Concept
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Concept of Exergy Efficiency Concept of Exergy Efficiency
e Second Law Effectiveness, € is an exergy based performance Exergy Loss in a Boiler without Heat-Loss
parameter’:
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7B-Moran-1989.
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@ 1 = 100%, as no heat is lost.

— _Mgas(W2—¥1)
O = s a) — 45-8%.
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Concept of Exergy Efficiency

Exergy is Destroyed in Heat-Transfer

Concept of Exergy Efficiency

Effect of Super-heating Steam to Higher Temperature
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Concept of Exergy Efficiency Concept of Exergy Efficiency
. . 8
Effect of Increasing Boiler Pressure Performance Parameters of a WHR system
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Concept of Exergy Efficiency

Thanks a Lot
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